
Kibble & Berkshire Chapter 10 Problem 12

Problem

A uniform plank of length 2a is placed with one end on a smooth horizontal floor and the other against
a smooth vertical wall. Write down the Lagrangian function, using two generalized co-ordinates, the
distance x of the foot of the plank from the wall, and its angle θ of inclination to the horizontal, with
a suitable constraint between the two. Given that the plank is initially at rest at an inclination of 60◦,
find the angle at which it loses contact with the wall. (Hint : First write the co-ordinates of the cen-
tre of mass in terms of x and θ. Note that the reaction at the wall is related to the Lagrange multiplier.)
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The plank rotates about its CM (X,Y) velocity θ̇ and the trajectory
of the CM is a circle radius a about O, for as long as it stays in
contact with the wall. Hence
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When the plank loses contact FH → 0 and it ceases to accelerate horizontally i.e. ẍ = 0

x = 2acosθ

ẋ = −2asinθ θ̇

ẍ = −2a(sinθ θ̈ + cosθ θ̇2)

Hence the plank loses contact when sinθ θ̈ = −cosθ θ̇2. Subs from (1) & (2) gives
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θ = 35.26◦

The plank loses contact with the wall when its inclination to the horizontal is 35.3◦.
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* Using the method suggested in the text, with λ as Lagrange multiplier
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2MẎ 2 + 1
2I

∗
1 θ̇

2 −MgY − λ(X − acosθ)

Where X = x/2 Y=asinθ Ẋ = ẋ/2 Ẏ = acosθ θ̇
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or similar.

This expression contains x, θ, and their derivatives, so Hamilton’s principle may be used. (The Hint
is a bit confusing in this problem!)
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